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Hidden structure

Speech is just a continuous, sequential stream of noise.

• The acoustic signal does not contain syllables, feet, moras, etc.

• But so much of phonology is based on these concepts.

• So, if they are real, then the mind must impose these structures on the 
acoustic signal in the process of mapping noise to linguistic percept.

How can we determine whether these things are real?

• Since they are not physically present in the acoustic signal, we cannot 
simply do an acoustic analysis.

• But these hidden structures are part of the processing that listeners 
perform on the acoustic signal.

• So, maybe we can look for evidence that the linguistic percept that 
listeners form show signs of these hidden structures being imposed on 
the acoustic signal – i.e. a behavioral data.
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Allophonic distributions

Some allophonic distribution rules make reference to syllable structure.

• /l/-allophones in English

/l/    →

• Voiceless stops in English (simplified)

/p, t, k/    →

We can use syllabically determined allophones like these to look for 
evidence that listeners parse the acoustic signal into syllables.

• Present listeners with an sound that can only appear in syllable
initial/final position.

• Do listeners insert a syllable break before/after the sound?

[ł]  in coda

[l]  in onset

milk [mIłk]

late [let]

[ph, th, kh]  /  σ[ __

[p, t, k]      /  σ[s __  

[kh]ope  vs.  s[k]ope

[th]op   vs.  s[t]op 



3

Mapping from acoustic signal to linguistic percept

Acoustic percept = faithful mental 
representation of acoustic stimulus

Parse acoustic percept faithfully 
into prosodic structure

Is this parse well-formed?

YES

Linguistic percept = 
acoustic parse

NO

Change percept so that 
it is well-formed.

Linguistic percept  ≠
Acoustic percept
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Perceptual epenthesis as evidence of syllabification

When acoustic stimulus contains a sound sequence that is not well-formed, 
listeners perform perceptual epenthesis.

Japanese (Dupoux et al. 1999)

• [ebzo]~[ebuzo] continuum.

• French listeners perceived endpoints accurately.

• Japanese listeners perceived [ebzo] endpoint as [ebuzo] 

Evidence for syllabification?

• Acoustic percept  = [ebzo]

• Prosodic parse = [eb.zo], [e.bzo]

• Neither are well-formed.

[b] only in onset in Japanese.

No tautosyllabic clusters allowed.

• Perceptual system “corrects” the 
acoustic mapping via epenthesis.

• Linguistic percept: [e.bu.zo]

See Berent et al. (2007) and Berent and 
Lennertz (2007) for similar evidence from 
English, and Kabak and Idsardi (2007) for 
Korean.
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Perception of [s + stop]-sequences in English

/p, t, k/    →
[ph, th, kh]  /  σ[ __

[p, t, k]      /  σ[s __  

Aspirated stops occur only in syllable initial position.

If acoustic percept contains an aspirated stop, then only prosodic parses where 
this stop appears in syllable initial position will be well-formed.

If no such parse of the acoustic percept is possible, then the perceptual system 
needs to “correct” the acoustic percept with perceptual epenthesis.

lu.s´.pi.kalu.spi.kalus.pi.ka[luspika]Medial

s´.pi.kaspi.kas.pi.ka[spika]Initial
Unaspirated

lu.s´.phi.kalu.sphi.kalus.phi.ka[lusphika]Medial

s´.phi.kasphi.kas.phi.ka[sphika]Initial
Aspirated

Syllable break 
before stop

Syllable break 
before [s]

Syllable break 
before stopAcoustic percept

Perceptual epenthesisFaithful to acoustic percept

Perceptual hypotheses

lus.phi.ka

lus.pi.ka lu.spi.ka

spi.ka

s´.phi.ka

lu.s´.phi.ka

lu.s´.pi.ka

s´.pi.ka
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Experiment 1: Same or Different?

Recording: [lus´phika].

By splicing out [lu-], [´] and [h] in different combinations, created six stimuli.

spikasphikaInitial

luspikalusphikaMedial
Without schwa

s´phikaInitial

lus´phikaMedial
With schwa

[-asp] stop[+asp] stop
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Experiment 1: Same or Different?

Created pairs of tokens

Identical = for four [+asp] tokens

Non-identical = one member always {[+asp], with schwa}

Presented in random order to subjects in same/different task.

Table below shows kinds of non-identical pairs, with expected response.

Legal parse for Token 2 possible.Differentspikas´phika

Legal parse for Token 2 possible.Different luspikalus´phika

No legal parse for Token 2.

Perceptual epenthesis expected.
Samesphikas´phika

Legal parse for Token 2 possible.Differentlusphikalus´phika

ReasonExpectedToken 2Token 1

[+
as

p]
[-

as
p]
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Experiment 1: More on the design

Token selection: 3 stops  × 2 vowels

mas´phalilus´thapifis´khana
[a]

pis´khamimis´thakuvis´phano

mas´khilufas´thimolas´phika

bas´khifakus´thilavEs´phimu
[i]

DorsalCoronalLabial

Four blocks. Identical pairs once per block, non-identical twice per block

• Per block: 12 recordings × ((4 non-identical × 2) + (4 identical)) = 144.

• 4 blocks × 144 = 576 pairs.

• Takes roughly an hour to complete the experiment.

Participants

• 15 Michigan undergraduates.
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Experiment 1: Results

Signal Detection Theory

Correct rejectionsMissesSame

False alarmsHitsDifferent
Response

SameDifferent

Actual

p(H)        =     Hits / Different

p(FA)      =     False alarms / Same

d’ =  Norm(p(H)) – Norm(p(FA))

High d’  ⇒ High discriminability

Low d’ ⇒ Low discriminability (high confusability)

Calculate d’ for each token-type in each condition, for each subject.
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Experiment 1: Results

d’-scores

s´phika

lus´phika

s´phika

lus´phika

Token 1 Expectedd'Token 2Condition

Different

Different

Same

Different

2.44spikaInitial

2.59luspikaMedial

0.99sphikaInitial

1.49lusphikaMedial

[+
as

p]
[-

as
p]

0.5

1

1.5

2

2.5

3

[+asp] [-asp]

d
'  

  

Initial

Medial

s´phika~
sphika

lus´phika~
lusphika

lus´phika~
luspika

s´phika~
spika

Repeated measures ANOVA

< .00512.8< .00512.0Interaction

< .00173.4< .00215.7Position

< .001575.9< .001139.0Aspiration

pF (1,11)pF (1, 14)

Subject Item

Factor
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Experiment 2: Syllable count

Inspired by Berent et al. (2007). They presented English and Russian 
listeners with clusters that are observed in Russian but not in English.

Task of the participants was to count the number of syllables.

English listeners consistently perceived an extra syllable.
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Experiment 2: Syllable count

Six kinds of stimuli, created as in Experiment 1.

Four different token sets for each place of articulation. Each token 
presented 8 times.

Also 60 fillers, each presented 4 times.

Participants: 12 Michigan undergraduates.

21skhan[+asp]

11skan[-asp]
No schwa

22səkhan[+asp]With schwa

Initial

fiskhan

fiskan

fisəkhan

Stimulus

22[+asp]

[-asp]

[+asp]

22
No schwa

With schwa 33

Medial

Expected 
response

Actual number 
of syllables
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Experiment 2: Results

Different from 50 at 
p < .001 on one sample t-test.

Subject: t(11) = .929, p = .78
Item:    t(11) = .94, p = .37
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Discussion

Discriminability

s´phika ~ sphika>lus´phika ~ lusphika

s´phika ~ spika=lus´phika ~ luspika

InitialMedial

T[spika] less likely to be identified as [s´phika].

*[sphika] more likely to be identified as [s´phika].

Syllable count

Above chance except for [skhan], where two syllable responses were about 
as likely as one syllable response.

Perceptual epenthesis more likely in context where an acoustically faithful 
percept would be syllabically ill-formed.

Somewhere in the mapping from acoustic percept to linguistic percept prosodic 
structure is imposed on the percept.

This is sent through the grammar, and if necessary, the percept is altered to 
agree with the demands of grammar.
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Discussion

Hidden prosodic structure

[sphika]/[skhan] contains no schwa after [s].

But participants responded as if there was a schwa.

Mismatch between acoustics (physical properties of sound wave) and 
the response pattern of participants.

This can be interpreted as evidence that listeners impose hidden
structures, such as syllables, on the acoustic stimulus somewhere 
during the mapping from acoustics to linguistic percept.

Language users are conscious of allophonic distribution rules.

This determines not only production, but also perception.

They use this information to parse the acoustic signal into syllables.

Dupoux et al. (1999) and Berent et al. (2007) have shown that listeners 
use coarse grained phonotactics in this manner. But now we see that 
also more fine-grained distributional information can be used in the 
same manner.
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Alternative explanation: transitional probability

p(ph | #s)  =  0

p(ph | ´)    >  0

One way to test this, in the spirit of Dupoux et al. (2001)

Assume that p(ph | i) > p(ph | ´).

Discriminability should be even worse between [siphika] and [sphika].

More same responses for [siphika]~[sphika]

Fewer same responses for [s´phika]~[sphika]

p(#s´ph) > p(#sph)

Either way:

Linguistic percept is adjusted to agree with linguistic expectation.

Whether this expectation is based on something like syllable structure.

Or transitional probability.

Transitional probability can also be incorporated under the umbrella of 
“grammar”. See recent studies that gives grammatical explanations for 
“gradient phonotactics” (Anttila 2007; Coetzee & Pater 2006, to appear).
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